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Introduction
In RAN1#91 meeting [1], the main aspects of PT-RS design were finalized, and current decisions are reflected in the current version of the Rel. 15 specifications. 
In this contribution, we propose several corrections for TS 38.211 [2] and give our view on remaining issues for pre-DFT PTRS patterns for DFTsOFDM. 

Discussion
Sequence generation
In section 6.4.1.2.1.2 of [2], the following is specified for generating the PT-RS sequence:

If transform precoding is enabled, the phase-tracking reference signal  shall be generated according to

.


where the pseudo-random sequence  is defined in clause 5.2.1 and  is given by Table 6.4.1.2.1.2-1. 

Index m in  and in r(m) is not defined in this section, and the relationship between m, m’, k’, s’ is unclear. The difficulty consists in the fact that the sequence to be generated depends on the mapping position because of the pi/2 BPSK modulation, and we cannot decorrelate the sequence index m’ from the mapping position m before transform precoding. When the mapping position changes, the sequence also changes (different phases to be applied during pi/2 BPSK modulation).





There is therefore an index mismatch between the expression r(m) (m being defined at a later stage as the index in the pre-DFT space of the samples carrying PT-RS, as defined in Table 6.4.1.2.2.2-1) and the expression  where the index in parentheses spans a different range than the one defined by m. For example, for =24, =2 and =4, m spans the values {0,1,2,3,20,21,22,23} while  spans the values {0…7}.
We propose the following modification, stressed out in red:
Text proposal 1

If transform precoding is enabled, the phase-tracking reference signal in position m before transform precoding shall be generated according to

.






where the pseudo-random sequence  is defined in clause 5.2.1,  depends on the number of PT-RS groups , the number of samples per PT-RS group , and  according to Table 6.4.1.2.2.2-1, and  is given by Table 6.4.1.2.1.2-1.

Mapping to physical resources
In section 6.4.1.2.1.2 of [2], the following is specified for PT-RS mapping to physical resources if transform precoding is enabled:
The UE shall transmit phase-tracking reference signals only in the resource blocks used for the PUSCH, and only if the procedure in [6, TS 38.214] indicates phase-tracking reference signals being used.
But for DFTsOFDM mapping is being made in the pre-DFT domain and the meaning of PT-RS transmission in a certain resource block is unclear. We propose the following: 
Text proposal 2:
The UE shall transmit phase-tracking reference signals only in ODFM symbols used for the PUSCH, and only if the procedure in [6, TS 38.214] indicates phase-tracking reference signals being used.

In section 6.4.1.2.1.2 of [2], the following is specified for PT-RS mapping to physical resources if transform precoding is enabled:




The sequence  shall be multiplied by  and mapped to  complex valued symbols in  where


-	 are the complex-valued symbols in OFDM symbol  before transform precoding according to Section 6.3.1.4




-	  depends on the number of PT-RS groups , the number of samples per PT-RS group , and  according to Table 6.4.1.2.2.2-1


[bookmark: _Hlk500849158]-	 is the ratio between amplitude of one of the outermost constellation points for the modulation scheme used for PUSCH and one of the outermost constellation points for π/2-BPSK and  is defined in clause 6.3.1.6



In clause 6.3.1.6, multiplication with factor  is defined after transform precoding. Therefore, both PUSCH and PTRS are DFT precoded and then multiplied by the factor . It is thus unnecessary to apply the factor  onto the PTRS part at this stage.

Proposal 3: Remove PTRS multiplication by factor in clause 6.4.1.2.1.2.


Pattern “middle-middle” =2


[bookmark: _Hlk498342295]For =2 and =2, the following index m of PT-RS samples in OFDM symbol l prior to transform precoding is specified in Table 6.4.1.2.2.2-1 from [2]: 


  where 
We can clearly see that this pattern does not fall into the middle of each symbol half, as agreed in [3]
Text proposal 4: 


For =2 and =2, the following index m of PT-RS samples in OFDM symbol l prior to transform precoding is specified in Table 6.4.1.2.2.2-1 from [2]:


  where 



For =4 and =2, the following index m of PT-RS samples in OFDM symbol l prior to transform precoding is specified in Table 6.4.1.2.2.2-1 from [2] 


  where 







Since  is not a multiple of 8,  is different from and the proposed values are not the closest ones to the middle of each of the 4 intervals as agreed in [3]. For example, when =588, the  pre-DFT samples are divided in =4 intervals of 147 samples each, and the middle of each such interval is given by indices {73, 220, 367, 514}. Index m computed with the above formula is {72, 73, 218, 219, 364, 365, 510, 511}. By modifying the formula to , we find the set of indices {72, 73, 219, 2220, 366, 367, 513, 514}, which are mathematically closer to the agreed positioning.
Text proposal 5:


For =2 and =2, index m of PT-RS samples in OFDM symbol l prior to transform precoding is computed as


  where 



Pattern “head-tail” =4


In [4], a potential issue concerning the tail chunk placement for =4 was raised. The receiver typically sets some intentional timing margin for the CP removal and FFT windowing in order to cope with imperfect synchronization and various multipath channel profiles of the UL transmissions from simultaneously FDM-ed UEs. An Rx “advance shift” λ is reported to be deployed, relative to the original transmitter timing, while extracting the useful bulk of the received OFDM symbol. Due to this advance shift, the tail chunk may be partially or totally wrapped around, and the wrapped around part may end up merged with the head chunk after receiver processing. In [1], companies were encouraged to study potential performance issues related to the tail chunk PT-RS for DFT-s-OFDM for K=4 (=4 as translated in [2]). Reasonable advance shifts seem to span between 10% and 50% of the CP length.
Results in Figure 1 evaluate the impact of the receiver advance shift with an advance shift of 10% of the CP. Results in Figure 2, Figure 3, and Figure 4 evaluate the impact of the receiver advance shift in a worst case scenario where an advance shift of 50% of the CP is considered and where, although the receiver is aware of the applied shift, it does not take any counter measures to compensate the resulting degradation. We compare the performance of the patterns when considering the following scenarios:
· no receiver advance shift (λ=0)
· receiver advance shift of λ% of the CP and no pattern modification
· receiver advance shift of λ% of the CP and advancing the last chunk of the pattern by a shift CP/2.
Except for the 2x4 pattern with large advance shifts and in the presence of important CFO, the impact of the receiver shift advance is small or negligible. For the 2x4 pattern, a simple measure as advancing the position of the last chunk as one proposed in [4] fully compensates for this effect. The advance proposed in [4] seems unnecessary large, since excessive receiver shift advances are to be avoided as they would create degradations due to intersymbol interference when the remaining part of the CP is insufficient. Advancing the last chunk by a number of pre-DFT symbols equivalent to a half a CP duration seems enough. Re-distributing the remaining chunks between the first and last chunk in order to obtain a more regular distribution as proposed in [4] is also possible, but it is not expected to have any performance impact. Another alternative would be to divide the symbol in X intervals and place a chunk at the head of such each interval to avoid any tail wrapping irrespective of the type of CP and allocation sizes/ X value.
	[image: ]


[bookmark: _Ref503544311]Figure 1 - =2, =4, 24RB, λ=10%
	[image: ]


[bookmark: _Ref503473849]Figure 2 – =2 and =4, 24RB, λ=50%
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[bookmark: _Ref503473851]Figure 3 - =4 and =4, 50RB
	[image: ]


[bookmark: _Ref503473853]Figure 4 - =8 and =4, 200RB



We can draw the following observations:


Observation 1: For the pattern with =8 and =4, the impact of a receiver advance shift is negligible.


Observation 2: For the pattern with =4 and =4, the impact of a receiver advance shift is small in the presence of CFO, and negligible when CFO is not present. 


Observation 3: For the pattern with =2 and =4, the impact of a receiver advance shift is limited when CFO is not present and needs compensation in the presence of CFO.


Observation 3: For the pattern with =2 and =4, advancing the last chunk in positions  compensates the effect of usual receiver advance shifts ( is CP length in FFT samples,  is FFT size, and  is DFT size)

The HT pattern has the advantage of limiting the need for extrapolation and/or across symbol interpolation. It also limits the distance between successive chunks when the RRC parameter “UL-PTRS-time-density-transform-precoding” is set to L_{PT-RS}=2. The identified issue only seems to cause important degradation for 2x4 patterns in specific scenarios (important CFO, high advance shift). The corresponding fix, if needed, should be as close as possible to the current solution and maintain the advantages and intention of the HT pattern. 



Conclusion 
Text proposal 1

If transform precoding is enabled, the phase-tracking reference signal in position m before transform precoding shall be generated according to

.






where the pseudo-random sequence  is defined in clause 5.2.1,  depends on the number of PT-RS groups , the number of samples per PT-RS group , and  according to Table 6.4.1.2.2.2-1, and  is given by Table 6.4.1.2.1.2-1.
Text proposal 2:
The UE shall transmit phase-tracking reference signals only in ODFM symbols used for the PUSCH, and only if the procedure in [6, TS 38.214] indicates phase-tracking reference signals being used.


Proposal 3: Remove PTRS multiplication by factor in clause 6.4.1.2.1.2.

Text proposal 4: 


For =2 and =2, the following index m of PT-RS samples in OFDM symbol l prior to transform precoding is specified in Table 6.4.1.2.2.2-1 from [2]:


  where 

Text proposal 5:


For =2 and =2, index m of PT-RS samples in OFDM symbol l prior to transform precoding is computed as


  where 



Observation 1: For the pattern with =8 and =4, the impact of a receiver advance shift is negligible.


Observation 2: For the pattern with =4 and =4, the impact of a receiver advance shift is small in the presence of CFO, and negligible when CFO is not present. 


Observation 3: For the pattern with =2 and =4, the impact of a receiver advance shift is limited when CFO is not present and needs compensation in the presence of CFO.


Observation 3: For the pattern with =2 and =4, advancing the last chunk in positions  compensates the effect of usual receiver advance shifts ( is CP length in FFT samples,  is FFT size, and  is DFT size)


Annex: simulation setup for DFTsOFDM

	Parameter
	Value

	Carrier frequency
	50GHz

	BW
	80MHz
	320MHz

	Sampling frequency
	122.88MHz

	SCS
	120KHz

	NFFT
	1024
	4096

	CP overhead
	6.7%

	Allocation
	24RB, 50RB (full allocation)
	100RB, 200RB

	DMRS
	One front-loaded DMRS at 3kmph

	Channel
	CDL-A 50ns

	HPA
	Polynomial with IBO=-8dB

	Transmission scheme
	SIMO with analog DFT beamforming

	Phase noise
	Model from 3GPP TR38.803. Example 2, model 1 given in Table 6.1.11.2-1

	Residual CFO
	Either off or +/- 0.1ppm

	Channel estimation
	realistic

	Equalizer
	MMSE

	Receiver advance shift
	[bookmark: _GoBack]10% or 50% of CP
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